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RANDOM COLOURED LIGHT GENERATION AND ILLUMINATION 



This invention uses electronic circuitry see figures 3, 4, 5 and 6, to produce randomly 
changing voltages, red, green and blue light emitting diodes (RGB) LEDs and or 
incandescent or halogen lamps with coloured filters or lense, to create randomly slow or fast 
changing lights of all colours of the spectrum. 

With the introduction commercially, of the blue LED at the beginning of the year 1999 alone 
with the availability of existing red and green LEDs, this J^S^SJ 8 
red, green and blue, the three primary colours, easily controllable and relatively mex^nXe. 

r th reIiab,e VCry S,0W ° r faSt Changhl& random vo,ta ge circuits derived digitally 
or from elecu-onic noise circuits, came the idea of creating the three primary light sources 
independently changing in intensity, slowly or quickly, and randomly. 

With these randomly slow or fast changing colours suitably mixed it would be possible to 

exterioTdes^ tf T Ct T ^ ^ a PP lications «. architecture, £S££ 
extenor design and the creation of attractive and unusual artefacts. 

A specific embodiment of the invention will be described by way of an example with 
reference to accompanying drawings: - figure 1 shows in perspective a stand 1, that can be 

Hat 6 f, 3 ? li meta1 ' PlaS ? ° ° r W °° d> mat houses a S rou P of LE Ds 1 0 figure 2 that emits 
light of the three primary colours red, green and blue. A globe or artefact 2 which can be a 
selected paper weight of clear glass, with a clear polishedbase, containing mousands^f 
65 ™« °5 a fi ^ ee °f «»aU white particles to mix the light. A vase or glass 
effinder filled with clear glass marbles at diameters of 10 millimetres or less creates a similar 

Sve^LEDs 3 Tn^Hfr 6 e1 ^™ "°? se circui *>' for generating the random voltage's to 
plug and socket 5 * COnnected lo the circuit enclosure 3 with five-pin 

The power supply 4 is a 12V dc 500mA mains driven regulator which can be made or 

5£??!!£r a ^ y ^ ' ^ P ° Wer SUPply is connectcd *° the circuit enclosure 3 
with a three-pin plug and socket 6. 

Figure 2 shows the LED housing 7 which is seated, in the base. 1 . The housing 7 for the 
prototype, was made of Perspex fifty millimetres in diameter and ten millimetres thick six 
ten millimetre holes 8 drilled as shown to hold and support the six LEDs 1 a The four 'small 
3 millimetre holes 9 are for anchor posts to act as junction points for the wiring 11 from the 
red, green and blue diodes, encapsulated in 10, and their common cathodes (or anodes). 

The wooden base 1 and Perspex housing 7 can be scaled up or down depending on the 
amiability of the glass spheres or artefacts and their dimensions and also depending on the 
efficiency of the artefacts to mix the three primary colours. g 

wither" ^ (RG ul LE ? 10 four LEDs one red > ^e green and two blue 

which together produce a rainbow of colours from a nearly single point light source. 
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Since the latter end of the year 2000 the light intensity and hue of the blue LED has improved 
considerably. Available from United States is a forty-five millimetre square compact matrix 
of 8x8, 64 discrete packages, set in a block of epoxy resin nine millimetre thick. 

Each package houses three LED chips, red, green and blue acting as a near single-point light 
source, each with an epoxy lense diffused with tiny glass particles to mix and spread the 
coloured light. The area of this square unit is almost equal to that covered by the six diode- 
housing unit 7, but its light output is more than ten times as bnght. 

With this type of LED array there is not so much dependence on the availability of a 
particular artefact, their dimensions and their efficiency for mixing coloured lights. 



To illuminate buildings powerful halogen lamps with their lenses covered with red, green and 
blue filters, would be required. Triac or thyrislbr interface circuitry to drive the lamps would 
be necessary as will be described and shown in figure 6. 

The random voltage electronic circuitry that slowly and randomly drives the light sources can 
be used to drive stepper motor drive circuitry and their respective stepper motors to slowly 
and randomly rotate, turn and change the angle of illumination of the lamps. 

To mix the red, green and blue light the inside and outside of buildings would be suitable 
treated or covered with fine particles of class (a use for the discarded ubiquitous compacted 
disc?) 

Another architectural and artistic effect that can be created is with arrays of incandescent or 
halogen lamps, dimensionally small, 15-20 watts each. These lamps can be arranged in 
closely packed groups of three coloured lamps red, green, and blue. They could be coloured 
or coloured lenses or filters used. Placed over these arrays of groups of three coloured lamps 
would be sheets of opal or frosted glass to mix the colours. 

Separate arrays of light, driven by separate random voltage circuitry, can be placed beneath 
garden paths made from glass bricks and patios paved in glass slabs, to create a kaleidoscopic 
range of slowly changing colours. 

Clusters of (RGB) LED would be far more efficient and have a life span far exceeding that 
available from incandescent technology. But LEDs with a light output equivalent to an 
incandescent lamp are at present far more expensive. 



Two types of electronic noise circuitry have been used to generate slowly changing random 
voltages. 

The first circuit uses the avalanche breakdown noise from the reverse breakdown of a 
transistor's emitter-base diode. The other uses a digital technique consisting of a pair of shift 
registers two exclusive - OR gates and a clock generator. 



Figure 3 shows the circuitry for the digital pseudo random bit sequence generator that 
generates sequences of bits that have same sort probability and correlation properties as an 
ideal coin-tossing machine. 

Figure 3 shows the output bits of the shift-registers chosen to be filtered and drive the LEDs 
The filter and drive circuitry for the red, green and blue LEDs are shown in figure 4. 

Figure 3 shows the circuitry used to generate pseudo random bit sequences PRBS to create 
slowly changing random voltages. 

The circuit consists of two CMOS 4006 1 8-stage shift registers IC1 and IC2 connected in 
series to give 36-stage shift register. To create a PRBS generator the 20 th bit and 33 rd bit of 

J?™ -Iff? SterS , are fed ±e two inputs of elusive - OR gate IC3/2, the reason for 
IC3/1 will be explained later. This modulo - 2 addition is then fed back into the input of the 
shift registers and the two registers slowly clocked by the CMOS 7240 programmable timer 

The feedback taps 33 and 20 chosen for maximal - length shift registers are from a table of 
tops. See Horowitz and Hill, The Art of Electronics pp 655 - 661 8 where an expTanatio and 
derivation of the table is given. *" u 

Exclusive - OR gate IC3/1 along with capacitor C9 and resistor Rl ensure that always at 
switch-on a few Is will be loaded into the registers. 

The IC4 7240 timer acting as an oscillator produces a clock rate of approximately 0. 1Hz The 
shift register move through a set of states defined by the set of bits in the registers after each 
clock pulse. Using the feedback taps, stages 33 and 20 of the shift registers generates the 
longest pseudo random bit sequence possible from the 36-bit shift register. 

The maximum i number of conceivable states is K=2 33 -l eventually repeating itself after K 
clock pulses. With a clock rate of 0.1Hz K states, practically, would never be completed 

tf^lff^T*^ u ° n n u qUe T ° f K Cl ° Ck CyClCS Wil1 be millions of 
v u "2 J S . half ° f Whl( * WlU be sin 8 le ' Is '- one fourth *ffl ^ two 'Is' together one 

^iTSiSSJST £ S ° ° n ' m order similar to reco ^ed 'results of 

heads and tails from the tosses of a fair coin. 

w ve ^ Io ^.J Iock fr ^ncy of 0.1 Hz from the oscillator IC4 there would be a 
long delay before the shift registers produced an output whenever the power was switched on. 

To overcome tife i delay a 7555 timer IC5, acting as a mono-stable, is initiated each time the 
po wer is switched on causmg a 10 second pulse to be applied to the base of the transistor Q7. 
Q7 acts as a switch which decreases the timing resistor of the 7240 IC4 timer, by 30, resistor 
R2 m parallel with resistor R3, and speeding up some 30 times the bits passing tiirough the 

register. *" 
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The other 7555 timer IC6, again acting as a mono-stable and triggered from the shift register 
IC2 output pin 9 via exclusive - OR gate IC3/3 wired as an inverter, is used solely to modify 
the overall mixture of the colours, in particular the blues, pinks and violets. 



The string of pseudo random bits from the shift registers, rectangular pulses changing from 
zero to 12 volts and back, are applied to the filters IC7 and IC8 shown in figure 4. 

The filters, third-order Butterworth having a 3dB cut-off of approximately 0.01 Hz are used to 
give the desired slow rounded rise and fall times to give the most pleasing colour lighting 
effect from the driven (RGB) LEDs. 

Each group of LEDs are voltage driven by a pair of transistors a BC 1 09 and a BD 1 3 1 , acting 
as a Darlington pair. The final drive power transistor BD 1 3 1 and the 2 watt-emitter resistor 
can be adjusted to drive as many LEDs as required. 

The pseudo random bit sequence generator is easy to assemble with no special technical 
requirements. The circuit is reliable and repeatable. 



The second type of electronic noise circuit shown in figure 5, used to generate slowly 
changing random voltages, makes use of the reverse avalanche breakdown voltage of a 
transistor's emitter base diode Ql . Three circuits, shown in figure 5, are required to drive the 
three sets of coloured LEDs. 

The transistor amplifier Q2 using collector feedback resistor R2 and capacitor CI amplifies 
and enhances the noise voltage appearing at the collector of Q2. The Q2 emitter resistor R3 
and the collector feedback resistor R2 stabilise the dc voltage at the collector and base of Q2 
and the noise current fed into its base. It also helps to stabilise the average noise voltage 
amplitude at the collector at Q2. 

The noise voltage is capacitively coupled by C2 to the 10K potentiometer VR1. The noise 
voltage at the wiper of VR1 is again capacitively coupled by C6 to the variable potential 
divider consisting of resistor &7 and resistor R12 connected in parallel with the n-channel 
JFET Q3 which will be explained later. The junction at the divider is connected to pin 3 of 
the ac amplifier IC1 . The noise voltage at pin 3 in amplified by ICL a non-inverting 
operational amplifier, with a maximum gain of 200 set by the resistors R8 and R6. 



For simplicity and to make the circuit less expensive it is driven from a single supply of 12 
volts. The two non-inverting operational amplifiers IC1 and IC4, the populor 741s, are 
operated from a split supply. A 6 volts reference is generated by the potential divider formed 
by the 10K resistors R4 and R5. Capacitor C3 is placed across R5 for de-coupling any noise 
on the 6-volt reference supply. 

To block the 6 volt dc levels that exist at the inputs and outputs of the non-inverting 
operational amplifiers IC1 and IC4, capacitive coupling has been used, namely C4, C6, C7, 
Cll,C13andC14. 



To maintain the repeatability of the circuit and maintain strict noise voltage amplitude control 
and long term stability at the output of the amplifier IC1 whatever transistor noise source Ql 
had been selected, AGC, automatic gain control of amplifier IC 1 has been employed. 

The AGC is provided by the non-inverting amplifier IC4 which has a maximum gain of five 
set by resistors R 4 and R15. The input pin 3 of amplifier IC4 is connected to potential ' 
divider resistor R16 and variable resistor VR3 which is fed with amplified noise from the 
output of amplifier IC 1 via a capacitor C 1 1 . 

The output of amplifier IC4 is capacitively couple by C14 to a rectifying and smoothing 

Z?L™i T ^T rcmt consists of diodes D1 and D2 "* smoothin * circuit ™*<" 

The rectified and smoothed voltage V G is applied to the gate of JFET Q3 The JFET 03 
along with resistor R12 connected to the drain and source at Q3, and resistor R7 form a ' 
variable potential divider, as mentioned earlier, which is connected to the noise voltage 
source, and completes the AGC loop. B 

It should be noted that since the source terminal of JFET Q3 is connected to the 6 volt 
reference supply and the drain terminal of Q3 is connected to pin 3 at the amplifier IC1 which 
is also at 6 volts, there is virtually zero dc volts between drain and source of Q3 Tht creates 
£e conditions for the JFET to become a variable resistor in parallel with the 20K resistor 
K12 Also note, that because there is virtually no dc drain current through the JFET 03 
variable resistance control for the ac noise voltage is always achieved within millivoks of V T 
Ohe threshold voltage gate to source voltage V G s at which drain current begins to flow) This 
Vt, which is equal to 6 volts minus V G , where V G is the voltage monitored at the gate of Q3 
with respect to ground with an oscilloscope and or with a digital voltmeter. This is part of the 
adjustment procedure explained later P 

The threshold voltage V T of the n-channel JFET Jl 12, used in the circuit has a 
manufacturing spread of minus 1 volt to minus 5 volts, which is accommodated by the AGC 
circuit. 



The set up or adjustment procedure for a stable noise voltage amplitude from the output at 
amplifier IC1 pin 6 is to momtor the peak to peak noise voltage of the wiper at the 
potentiometer VR] [with an oscilloscope. Adjust VR1 for a peak to peak voltage amplitude of 
b*ween 200 to 800 millivolts Monitor the voltage V G on the gate terminal onheT E T Q3 
with an oscilloscope or digital voltmeter with respect to ground. Adjust the variable 
resistance VR3 and observe V G , which should remain fixed or increase with the increase of 
resistance VR3 . men V G reaches a fixed value this indicates the threshold voltage V T has 
been reached and the AGC is operating. 

Monitor the output of amplifier IC1 with an oscilloscope and again adjust VR1 and VR3 

SSHS Q3 fixed VR3 ' mtil *■ noise ^ is ^ 
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The stabilised or controlled noise voltage appearing at pin 6 of amplifier IC1 is capacitvely 
coupled by C7 to pin 3 of the general purpose comparator LM3 1 1 IC2. Pin 3 of IC2 is 
referenced to ground by resistor RIO. The noise voltage at pin 3 is compared with pin 2, the 
dc voltage from potentiometer VR2 the wiper of which is de-coupled to ground with 
capacitor C8. 

The output from the comparator is taken from pin 1 . Pin 1 is part of the emitter of an internal 

UUllJlOkVl LU1U 1^111 / 1J VUliilVVkWU IV kAXW VUUVVkVJl Ullu lJ MAivvu w ulv A A. I VII- OlAf*r£SXj. X All X Xt> 

connected to ground by resistor Rl 1 . 

The output at pin 1 switches to 12 volts whenever the random noise voltage at pin 3 exceeds 
the set dc voltage on pin 2 and back to zero voltage whenever the noise peaks fall below the 
set dc voltage. 

This causes a series of rectangular pulses with random off-and-on interval at the output of 
IC2. 



To achieve a frequency count of approximately 10 on and off random intervals every 20 to 25 
second the dc voltage at pin 2 is adjusted to be compared with larger and less frequent 
varying random noise voltage peaks at input pin 3. 

Very narrow pulses that may occur are eliminated by the filtering effect of the capacitor CIO 
across resistor Rl 1 . 

To achieve the final ideal drive to the LEDs or light source to create the most pleasing effect 
for slowly changing colours the series of rectangular pulses with random on and off intervals 
must be even slower. Six on off cycles approximately every 110 seconds. To achieve this 
the output from the comparator IC2 pin 1 is fed into pin 1 of the CMOS binary counter 4024 
IC3. 

After three divisions by 2, divide by 8, the output from pin 9 is fed into its corresponding 
filter shown in figure 4. 



It should be noted there is a limit to the number of divisions that can be made. For example 
the mean period increases by 2 at each division. Whereas the deviation from the mean 
expressed by the standard deviation increases proportionally as the square root of the mean 
period. So that the coefficient of variation: - 

standard deviation 
mean 

decreases rapidly. Meaning, after many division there is very little deviation from the 
compared mean value of the final output waveform and it appears as a square wave. 
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It should also be noted that the three random noise voltages produced by the three transistor 
noise circuits are discrete. The random noise voltages produced by the pseudo random 
generators are not discrete, but this does not cause any difference to the overall random 
colour effect. 

The circuit was built and developed to be repeatable and to eliminate the necessity of having 
to select the noise transistor Q 1 and the JFET Q3 . 



t „t T Ph3 f 6 C ° ntro1 ClrCUlt used t0 drive more P° werf W »ght sources such as 
halogen and incandescent lamps. Tl is a small 3 VA 230v mains transformer with its two 6 
volt secondary windings connected in series to produce 12 volts r.m.s. The transformer 
secondary voltage is not critical but 1 0 volts r.m.s or more is preferable. 

r^tifierRET rm ' S ' Se °° ndary V ° ltage is Ml wave recti fied, V D figure 7, by the bridge 

The full wave rectified voltage V D is halved by potential divider resistors Rl and R2 and 
compared with a fixed voltage set by resistor R3 and variable resistor VR1, at the inputs pin 
2 and pin 3 to voltage comparator LM311 IC1. The comparator IC1 acts as an on-offSgger 

S^SST Vc figure 7 ' consisting of *" * ~ C2 - A 



The full-wave rectified voltage V D also acts as a mains reference for the control for the 
delayed triggering of the triac T1C236M from each zero potential cross over point of the ac 
mams voltage across the load, V LOAD figure 7. P 

0 Stnr^^H VR ! ±e finish ° fthe volta 8 e y c from approximately 

"seconds « 'less after each zero cross over point of the ac mains voltage wave form 
and 0.45 milliseconds or less before. 



l am ^ nCT T T ° 0nSiStS ° f a constant curr e« generator formed by transistor Ql variable 
resistor VR2 and resistor R5. VR2 adjust the current supplied by me constant current 
generator used to change up capacitor C2 to form the voltage ramp waveform V c figure 7. 

£rnl^? S f ,U W?"J b>n ? n milliseconds capacitor C2 ramps from approximately 

b?m?ICl at ^ ^ ° f CaCh mainS V ° lta ^ half cycle viaTesistor R f 

by the IC1 comparators internal transistor switch accessed at pin 7 and 1. 

The ramp potential V c appearing across the capacitor C2 is applied to pin 3 of the second 
v^ltage^comparator (LM3 1 1) IC2 where it is compared with the random vol^^nm 2, 
V w is the output of one of the filters shown in figure 4. W P ' 

STITif ^ Sl ° W chan £ n S nature of voltage Vw, positive feedback is 

prodded for comparator IC2 by resistors R8 and R9 to eliminate false triggering 
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Resistor R7 connected to pin 7 at the comparator IC2 is a pull-up resistor connected to the 
comparator's transistor open collector. 

Each time the voltage V c at pin 3 of the comparator IC2 exceeds the slowly varying random 
voltage V™ at pin 2 of IC2 the output voltage V A at pin 7 drops rapidly from 12 volts to 
nearly zero volts, which is turned into a negative going differentiated pulse V E , figure 7, by 
the capacitor C5 and applied to pin 2 of IC3 and the catching diode Dl (IC3 in an optically 
coupled bilateral switch, TLP3052 to isolate the mains voltage from the low voltage 
circuitry). 

The negative going differentiated pulse V E triggers the bilateral switch IC3 which in turn 
triggers 12 Amp triac T1C236M on to full conduction. The triac will then continue to 
conduct until the 230 mains voltage drops to the zero cross-over point in its half-cycle. 

Before this zero point is reached and dependant on the voltage level of the ramp voltage V c 
with respect to the random voltage V™, the comparator IC2 output V A will switch back 
rapidly to 12 volts once V c nearly equals the random voltage V 1N . 

This 12-volt step is again differentiated by C5 but this positive going pulse is allowed to pass 
through diode Dl to the 12V supply without any effect on the input to IC3. 

The cycle is repeated every ten milliseconds as shown in figure 7. 



The circuit has been constructed and developed and powered-up to drive lamps for many 
hours and has proved reliable and repeatable. 



2. 



CLAIMS 

The application of random light sources, consisting of the three primary colours red 
green and blue, comprising of incandescent or halogen lamps or clusters of red, green 
and blue light emitting diodes (RGB) LEDs. The intensity of the light sources 
fractions of a watt to tens of kilowatts, and each coloured light source independently 
driven by circuitry to change its intensity RANDOMLY, slowly or quickly for 
applications in ^architecture, interior and exterior design and the creation of unusual 
artefacts. ■» 

The application of random coloured light sources to unusual artefacts as claimed in 
claim 1. The slow random coloured under-lighting, as shown in figure 1/7 of 
selected paperweights of clear glass, clear glass and plastic artefacts, with colour 
mixing properties. The under or internal slow random coloured lighting of clear glass 
vases or cylinders filled with clear glass marbles or beads often millimetres or less 
The applications to table lamps of random coloured light consisting of white opal 
glass spheres or cylinders of milk white glass or plastic or other geometrical shapes 
internally lit with three incandescent lamps coloured or filtered red, green and blue 
and or with cluster of (RSjB) LEDs, each light source independently slowly and 
randomly changing m intensity to create all colours of the spectrum. 

3. The application of random coloured lights to art as claimed in claim 1 or claim 2 The 
arrangement of rectangular, plolygonal and circular arrays of (RGB) LEDs set in 
picture frames or recessed into walls, each array masked from the other behind opal or 
milk-white glass each array independently slowly and randomly driven to produce a 
never ending kaleidoscopic abstract picture of colours and shapes. 

The use of slow and fast coloured random light sources to create artistic effects by use 
of pnsms, mirrors, lenses, sculptured and moulded glass. 

4. The application of random coloured lighting to architecture as claimed in claim 1 
The application of three slow random coloured light sources using powerful halogen 
lamps with then- lenses covered with red, green and blue filters to illuminate the 
exterior of buildings, specially prepared structures, arches and monuments, water 
features and fountains. The use of random voltages to drive stepper motors to slowly 
and randomly tilt and turn the coloured lights. 

5. The application of random coloured light to interior and exterior design as claimed in 
S^o 4 - J he ^ of ^"P 8 <>f three coloured incandescent lamps and or 
(KOB) LEDs arranged m arrays, covered with opal or milk white glass or plastic to 
mix the colours. 

These arrays driven by separate slow changing random voltage circuitry to be used to 
create colourful effects in parks, gardens and leisure centres, by placing the arrays 
beneath paths made from glass bricks and slabs to create a kaleidoscopic range of 
slowly changing colours. 
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CLAIMS 

The use of slow changing random coloured lighting to illuminate shrubbery and trees, 
the colours suitably modified to two colours, for example, a mixture of green and 
blues for the trees. 

The use of slow random coloured lighting in hotel foyers, entrances and lobbies to 
public and private buildings, by illuminating colour-mixing silk drapery or curtains 
hung in folds. The slow random colour illumination of interior walls treated with fine 
particles of clear glass to mix the light 

The use of slow random coloured lighting under floors around the perimeters of halls, 
rooms and lobbies to illuminate walls and enhance architectural features. The use of 
random illumination for swimming pools and leisure centres. 



Amendments to the claims have been filed as follows 



1) An apparatus comprising red, blue and green light sources, electronic circuitry 
for, in use, controlling the intensity of each light sources randomly and 
independently, a housing in which the light sources are held, and substantially 
solid or filled, substantially spherical or other geometrical shaped cover which 
allows light to be mixed and pass from the light source to the surrounding 
environment. 

2) An apparatus as claimed in claim 1 wherein the variation of the light intensities 
and corresponding periods are totally independent and are continuously random 
and have the same probability and correlation properties as an ideal coin-tossing 
machine. 

3) An apparatus as claimed in claims 1 and 2 wherein the electronic circuitry shown 
in figure 6/7 can be additionally used to drive light sources of any power 
continuously random to allow light to pass through housings of different sizes, 
geometries and colour mixing properties to the surrounding environment. 

4) An apparatus as claimed in claims 1 and 3 wherein the substantially solid or filled 
substantially spherical or other geometrical shaped cover has a plurality of 
bubbles. 

5) An apparatus as claimed in claims 1 and 3 wherein substantially solid or filled 
substantially spherical or other geometrical shaped cover has a filigree of white 
particles. 

6) An apparatus as claimed in claim 1 and 3 wherein the substantially solid or filled 
substantially spherical or other geometrical shape or cover is a hollow shell filled 
with glass marbles. 

7) An apparatus according to any preceding claim where the housing is, in use, 
randomly moved by motors driv n by the outputs of the el ctronic circuits. 
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